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The  Navy  has  f  i  i-n  investigating  t* <  hnigues  to  reduce  jet  engine 
noise  during  yinund  run  up  testing.  -  Boeing  has  conducted 
exploratory  work  under  two  Navy  Contracts,  fiOOl  5C-J2~C~  1 053 
and  fJOGI  ^>6  - /3  "C  -  1 ,  pi  ep.jr.j  tory  to  release  of  this  contract. 

The  objective  of  this  program  is  to  continue  the  development 
of  the  Coanda/P.ef  rac  t  i  on  concept,  investigated  during  the 
exploratory  contracts,  to  attenuate  the  noise  generated  in  the 
exhaust  of  turbojet/turbe'an  aircraft  engines  during  ground 
run-up  testing. 

hull  scale  design,  fabrication  and  testing  will  be  accomplished 

using  the  Coanda  concept  to  validate  the  results  obtained  during 

the  exploratory  model  studies  and  provide  accurate  noise 

reduction  data.  Concurrent  with  the  full  scale  activity, 

additional  model  studies  will  also  be  conducted  to  evaluate  the 

Coanda  concept  and  its  appl icabi 1 i ty  to  engines  installed  in  airframes. 

This  document  defines  the  detail  plan  that  will  be  followed  to 
accomplish  the  overall  program.,^ 
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1.0  INIROiHICIlON 

1.1  Bachg  I  ou  rid 

One  of  the  most  serious  pioble.ns  associated  with  ground  testing  of  jet 
aircraft  eng  i  ires  is  tlie  extremely  high  noise  level  radiated  from  the  test  area. 
The  noise  endangers  operating  personnel  hearing  and  disturbs  nearby  com' an i t ies . 
In  cider  to  alleviate  tbe  Kavy  contribution  to  this  crucial,  worldwide  problem, 
the  II aval  Air  Systems  Com.i.jnd  has  initiated  a  noise  reduction  program  to 
attenuate  noise  radiat'd  by  N'uvy/Murine  aircraft  gas  turbine  engines  during 
ground  run-up  tasting.  This  includes  noise  radiated  by  in-airframe  engines 
during  aircraft  ground  run-up,  preflight  trim  checks,  and  pr e~/pos t-rna i nt enance 
testing,  us  well  ns  out-of-aircraft  engine  testing  on  portable  test  stands  or 
in  test  cel  1 s. 

Past  equipment  p rocu r emen t s  and  design  studies  have  been  limited  to 
state-of-the-art  hardware  and  technology  which,  although  effective  in  reducing 
engine  noise,  have  not  yet  been  developed  for  prolonged  durability  against  the 
adverse  effects  of  engine  exhaust;  viz.,  high  impact  forces,  excessive  tempera¬ 
tures,  and  entrained  contaminants.  Furthermore,  procurements  of  noise 
suppression  equipment  or  test  cell  acoustic  baffles  have  been  diverse  in  origin 
and  objectives,  so  that  the  existing  equipment  is  not  interchangeable.  Kany 
designs  accommodate  only  one  engine.  back  of  commonality  in  design  does  not 
permit  a  practical,  efficient  logistics  plan  for  fleet  support  and  for  rc-place- 
i  -.-nt  of  deteriorating  parts. 

The  exploratory  development  phase  of  the  Coanda/Ref ract ion  suppressor 
develop  •- n t  was  conducted  under  Navy  contracts  N001 56“72~C“ 1 053  and 
N00 1  ljC~  /  3  -  C  - 1  /!ljb  ,  ..-nd  is  reported  in  References  1  and  2.  The  specific 
conclusions  from  the  initial  efforts  are  as  follows: 

(a)  A  technological  approach  applying  the  Counda  effect  and 
the  noise  refraction  principle  to  Jet  engines  has  been 
derived  analytically  and  verified  experimentally. 
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(b)  The  vc Inc  1 1 y  olid  thermal  gradients  In  the  turned 
flow  caused  the  noise  to  ref  met  away  from  the 
flow.  Acoustic  materia)  behind  the  Coanda  surface 
cun  tti'-n  .de-orb  a  portion  of  the  refracted  energy. 

(c)  Initial  Co.iiida  surface  configuration  parameters 
hive  been  derived  for  rudius-of-curvature  and  jet 
adopter  width- to-height  ratios  for  optimum  jet 
efflux  Lending. 

(d)  One-sixth  scale  model  Coanda  surface  parametric 
test  results  may  be  extrapolated  for  full  scale 
r.r'del  operational  tests. 

Fire  results  f  r  o.n  the  initial  efforts  will  be  used  as  technical 
guide  lines  for  the  work  required  by  this  contract.  Spec  i  f  i  c  a  1  1  y ,  the 
physical  character i st let /pi oper  ties  of  the  one-sixth  scale  models  will 
be  extrapolated  to  full  si/e  experimental  hardware  with  the  objectives 
of  duplicating  jet-bending  air-educt ion  characteristics,  as  well  as 
resolving  acoustic  aspects  which  could  not  be  accompl i shed  by  the  models 
tests. 
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The  objective  of  this  i’/ “ijr ,:w  is  to  (ontinue  t  f»o  of  t  lie 

C(  iiibi/Pef  r  .ic  t  ion  concept  for  ."it  t  cnu.i  t  i  ng  the  noi'-e  gene  r  a  t  ed  in  the  <  xhaust 
of  t u» hojet/tur!  ofan  aircraft  eng i  lies  during  giound  run-up  testing. 


Th  i  s  work,  will  expand  the  results  f  i  oin  the  c  xplor.i  tory  development 
studies  by  resolving  certain  aspects  which  could  not  he  accomplished  within 
the  scope  of  the  initial  contracts.  In  addition,  this  program  will  be  oriented 
t.  •wo  i  d  dtVcl'.ping  a  finalized  state;.,  mt  of  the  Ccanda/Ref  faction  concept  with 
applications  to  specific  military  objectives  'uch  as  test  cell  exhaust  systems 
and  aircraft  run-up  suppressor  systems.  The  methodology  to  be  utilized 
includes  <- x  1 1  . .polat ion  of  the  model  study  results  to  full  size  experimental 
h  it  re  design,  extensive  testing,  design  analyses,  orid  documentation  of 
I  e  i  U  1  t  S  . 

The  long  range  objective  of  this  program  is  to  generate  a  "family"  of 
aircraft  engine  noise  suppressors.  This  group  will  be  related  in  technological 
f.  indation  to  the  Counda/.-.ef  / -a' t  ion  concept,  but  wi  1  1  be  varied  in  equipment 
configuration  for  each  type  of  h’avy/Kar  ine  Corps  engine  test  facility;  e.g. , 
test  .  c  U,  aircraft  run-up,  portable  muffler. 

The  desired  operational  characteristics  of  the  equipment  to  be 
d./eltped  during  this  program  are  as  follows: 

(a)  Improved  low-frequency  noise  attenuation. 

(b)  Acoustic  elements  positioned  out  of  the  primary  exhaust  f 1 ow 
path  to  avoid  deterioration  due  to  exhaust  flow  forces  and 
ent  ra i ned  cent  am i nan  t s  . 

(c)  Elimination  of  turning  vanes  and  associated  structural 
support  elements. 

(d)  El  imination  of  extensive  requirements  for  a  cooling  water 
system  to  support  afterburner  engine  testing;  this  includes 
water  spray  ring,  piping,  pumps,  and  associated  enclosures/ te.-Gs. 

!  hievement  of  those  operational  characteristics  will  load  to  improved 
reliability,  maintainability  and  logistic  support. 
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The  ejectors 

nd  Coanda 

deflector  configurations  resulting  from  the  exploratory 
deveb  ,  <-nt  hh  >se  will  be  used  in  the  full  scale 
ifnTjnstr.itor  design. 

Cc)  Fabricate  a  full  scale  d<-  oust lalor  unit. 

(d)  Using  a  full  si/e  engine,  conduct  extensive  testing  for 
n  ensure-  ent  of  pressures,  temperatures,  mss  air  f  l  ows , 
and  acoustic  spectra. 

(e)  Using  recorded  data  and  observations  from  full  scale  jet 
deflection  tests,  establish  realistic  noise  reduction 
criteria  for  Material  selection  and  operational  procedures 
for  proposed  systems. 

M  Model  studies  will  include  eng  i  ne/Coarrda  misalignment, 
cOonnular  flow  and  twin  engine  exhaust  evaluations  to 
assist  in  determining  the  applicability  of  the  Coanda 
concept  to  engines  installed  in  airframes. 
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The  planned  program  will  bo  c  rxnpl  i  shed  under  six  tasks 
dc sc r i Led  Le 1 ow: 

TASK  I  will  consist  of  the  design  of  full  scale  experimental 
fm»  d;.'.irc  including  suppressor  elements,  enclosure  structure,  test 
site  instrumental  ion,  and  the  preparation  of  a  detailed  test  plan. 

TASK  II  will  consist  of  the  fabrication  of  the  demonstrator 
noise  suppressor  and  all  equipment  necessary  for  the  test 
site  and  test  setup. 

TASK  III  will  consist  of  the  assembly  of  the  demonstrator 
noise  suppressor,  and  installation,  calibration  and  checkout 
.  of  all  required  instrumentation." 

TASK  IV  will  consist  of  the  experimental  sequence  of  tests 
to  evaluate  the  propulsion,  structural,  aerodynamic,  and 
acoustic  characteristics  of  the  full  scale  demonstrator. 

TASK  V  will  consist  of  one-sixth  scale  model  tests  to 
obtain  data  that  will  assist  in  adapting  the  Ccanda/ Pef rac t ion 
concept  to  installed  engine  applications  in  various  aircraft, 
and  to  support  developmental  changes  in  the  full  scale  test 
program. 

TASK  VI  will  consist  of  the  doc ument a t i on  of  the  test  results 
including  engineering  analyses,  design  studies,  and  drawing 
pre-pa  rat  ion . 

Fuch  task  is  to  be  accomplished  in  accordance  with  the  schedule 
s).  wn  in  Figure  1.  Details  of  these  tasks  are  contained  in  Section  ?.0  of 
this  report. 
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DESIGN 


1.1*  G'.'Vt  i  ii.  !•  nt  furnish'd  fqu  i  pocnt 

Pe spite  the  wide  range  of  engine  pel  fori;,  sure  paraimM  ers  to  be 
cons  i  de  red  in  design,  testing  will  be  nr  <  o.-.pl  i  shed  with  only  one  engine. 

The  tJ.jvy  is  to  piovide  either  a  IT  -  3  0  -  r  9  or  a  J-/5  engine  (Air  force  r.oPel) 
as  an  equivalent  test  somce.  Tests  wi  11  he  conducted  in  accoi  dmee  with 
applicable  engine  operation  manuals  and  test  cell  capab i 1 i t ies. 

This  pioyi.-.T.  plan  is  predicat'd  upon  use  of  t  lie  A/1 3  2T- 2  test 
cell  located  at  Me  Coi 1 1 ie  1  l  Ai  8  ,  Wichita,  K  i n s a s  •  Coi h  u i  r *  -  nc-C  f  r om  t  he  lla vy 
for  use  of  this  facility  must  be  received  by  The  Pacing  Company. 

This  program  plan  is  also  predi«ated  upon  operation  of  the  test 
cell  and  its  auxiliary  systems  and  operation  of  the  test  engine  by  qualified 
military  personnel.  Logistic  support  of  t  be  A/}  3  2  T  -  test  cell  and  lest 
engine  will  be  the  responsibility  of  the  Govern,  cut . 
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2.0  f  P OCCAM  plan 

2.1  Task  I 

Task  I  consists  of  t  fie  design  of  full  scale  exper  imental 
haidwarc  including  suppressor  elements,  enclosure  structure,  test  site, 
instrumentation,  and  the  prep.tr.it  ion  of  a  detailed  test  plan. 

7 . 1  . 1  Oes ign  Stud ies 

The  design  studies  consist  of  defining  a  configuration  based 
on  previous  test  results.  The  configuration  which  was  defined  f  r  o:n  Refet  t.-nce  1 
and  Reference  2  model  tests  will  be  further  developed  by  rr.eans  of  studies 
considering  ..caustic  and  fluid  dynamic  parameters  and  efficient  use  of 
manufacturing  processes,  materials,  and  other  cost  influencing  items. 

2. 1.1.1  Configuration  Description 

T!ie  Coundo/Ref  rac  t  ion  Suppressor  System  suppresses  jet  engine 
(  xh.just  noise  by  turning  <=nd  cooling  the  airflow  and  acoustically  treating 
the  enclosure  that  houses  the  system.  The  Ccanda  effect  is  the  turning  of 
a  jet  stream  due  to  its  adherence  to  a  curved  surface.  The  system  draws  in 
cooling  air  by  a  series  of  ejectors  upstream  of  the  Coanda  surface  that 
coois  the  hot  exhaust  gases  and  provides  a  film  of  cooling  air  along  the 
Coanda  surface.  The  three-sided  Coanda  turns  the  flow  90°  to  the  vertical 
and  draws  more  cooling  air  into  the  open  side  of  the  flow  path  as  the  flow 
t  r  .-.ns  i  t  ions  to  the  vertical.  The  Coanda/Ref  ractlon  Suppressor  is 
illustrated  in  Figure  2.  The  enclosure  is  approximately  b9  feet  long, 

?3  feet  wide  and  TO  feet  high  to  the  top  of  the  stack, and  is  acoustically 
treated  to  reduce  the  noise  coming  from  the  ejector  and  cooling  air  flow,  and 
the  noise  of  the  jet  flow  along  the  Coanda.  Details  of  the  construction  are 
contained  in  Section  2. 3-1.1. 
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2. 1.1. 2 
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The  following  mechanical  criteria  are  based  on  previous  one-sixth 
tests.  The  acoustic  criteria  arc  program  goals  for  noise  suppression 

1  i  t  e  r  i  a 

rnviionr.ent.il  Conditions: 

The  full  scale  demonstrator  wi 11  he  designed  to  withstand 
the  following  conditions: 

a.  Wind  speed  of  go  KPH  during  testing  and  1?0  P.PH 
for  static  conditions. 

b.  Tc  peratuies  the  range  between  -30°F.  and  igo°F. 

c.  Ten- inches  of  precipitation  in  the  form  of  rain 
or  snow. 

Capability: 

The  suppressor  design  shall  be  capable  of  attaining  the 
noise  goals  and  withstanding  the  pass  flows  of  any  one 
of  the  families  of  engines  listed  in  Table  1. 

Cool i ng : 

The  design  shall  utilize  only  ambient  air  for  cooling. 
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aircraft  turbojet/fan  ENGINES 


engine 

model 

IDLE 

MASS  FLOW 
LBS/SEC 

J-S2-F-4o8 

40 

J-3/-F-20B 

30 

j-75-P-'SW 

86 

J-73-T-17 

43 

Tr-30-r-Go8 

69 

I F -30-P-4 1 2A 

100 

TF-41-A-2 

33 

ENGINE  EXHAUST  PARAMETERS 


.military 

aftcrbur 

JER 

T 

MASS  FLOW 

T, 

MASS  FLOW 

Tt 

t 

°F 

lbs/sec 

t 

°F 

LBS/SEC 

°F 

i 

1 

330 

143 

1400 

- 

- 

^60 

180 

1166 

180 

3000-3200 

1 

A3O 

253 

1 1 66 

252 

3000-3200 

1 

1 

1 

613 

.  '71 

1240 

1/8 

3260 

( 

! 

J 

292 

233 

725 

- 

■ 

255 

242 

703 

2^2 

3170 

450 

263 

620 

' 

' 

. 

— 

- - ■  ' 

J 

( 
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Mechanical  Criteria  -  Cont'd. 

Coanda  Surface: 

The  Coanda  curved  surface  shall  form  a  logarithmic  spiral, 

1  0 

R  ■  .xe  ,  where  x  -  180  inches  and  where  a  =  0.20 
except  tliat  llie  surface  should  be  rotated  such  that  it  doc-S 
not  dip  below  the  horizontal.  It  is  acceptable  to  simulate 
the  logarithmic  spiial  with  two  radii  (.202  inches  and  233  inches) 
tangent  to  each  other  at  t!‘C  k 2°  position  as  shown  on  Figure  3. 

TFicre  will  be  a  3C~inch  straight  section  at  the  Coanda  surface 
entrance  pi '■ceding  the  start  of  curvature. 

The  Coanda  surface  will  be  63  inches  wide  between  sidewalls, 

TFie  sidewalls  will  produce  a  channel  of  approximately  32-Inches  deep 
at  the  Coanda  entrance  and  approximately  8*t  inches  deep  at  the  exit. 

The  Coanda  Surface  v/i  1  1  be  cade  from  material  that  wi  11 
withstand  repeated  temperature  variations  from  -T0°F. 
to  1000°  F  at  flow  velocities  f 1 om  0  to  2800  feet/sec 
and  will  be  sufficiently  supported  to  withstand  vibrations 
due  to  flow  buffeting  und  sonic  levels  in  the  165  dB  range. 

Surface  and  structural  loads  due  to  pressure  differentials  are 
a  maximum  of  2  psi  with  the  inside  surfaces  of  the  Coanda 
channel  subjected  to  the  lower  pressure. 

Transition  Section: 

The  transition  section  will  consist  of  a  three  ejector  set  that 
transitions  from  round  through  eval  to  rectangular.  The 
ejectors  are  to  be  positioned  -o  that  tire  inlet  highlight  of  one 
is  in  the  plane  of  the  exit  of  the  preceding  ejector  and  the 
exit  of  the  last  ejector  is  in  llie  plane  of  the  Coanda  surface 
entrance. 
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K-i !.  --nic-.il  Criteria  -  Cont’d. 

The  Inside  dimensions  for  the  tlirce  ejectors  are  shown  on 
Figure  4.  The  material  for  tliose  ejectors  will  be  capable 
of  withstanding  repeated  temperature  rises  to  1 000°F  and 
design.-d  to  a  maximum  internal  pressure  reduction  of  4  psi. 

The  ejectors  will  leave  a  net  force  (except  for  their  weight) 
in  a  forward  direction  due  to  augmentation  of  approximately 
?00  pounds  per  ejector.  The  inlet  flanges  on  tire  ejectors 
may  extend  beyond  the  radius  an  amount  required  for 
structural  or  attach  purposes. 

Adapter  Section: 

The  adapter  or  "jet  catcher"  will  be  an  adjustable  type  such 
as  an  iris,  to  allow  for  tailpipe  diameters  ranging  from  19.5  to 
42  inches  for  the  engines  listed  in  Table  1.  The  range  of 
tailpipe  diameters  includes  the  J - 5> 2  engine  as  the 
smallest  and  the  Tf-30-P-4l2A  as  the  largest. 

However,  the  demonst rator  range  of  adjustment  may  be 
configured  to  only  encompass  the  engine  intended  for  the 
evaluation  tests.  The  iris  adjustments  will  be  accomplished 
mechanical ly  prior  to  each  run  and  are  dependent  upon  the 
rvixinu m  power  settings  to  be  tested  during  the  run. 

Fnclosure: 

The  aica  of  the  secondary  air  inlets  in  the  acoustic  enclosure 
walls  will  be  at  least  30  square  feet  on  each  side  and  4  square 
feet  at  the  back  (lower  edge  of  stack) .  Acoustic  baffles  in 
the  air  inlet  will  have  leading  and  trailing  edge  fairings  and 
founded  corners  to  maintain  effective  flow  areas. 
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-  Her  I;  in  !  ca  1  Cr i t e r ia  -  Con t 1 d . 

■1 

Che  stack  exit  .lira  wi  11  be  at  least  1  ,<3  square  feet  and  wi  1  1 
be  as  narrow  as  reasonable  for  acoustic  purposes  (smallest 
duct  height  prcfni  ed)  ,  The  dimensions  for  inlets  and  acoustic 
baffles  are  established  by  the  acoustic  criteria. 

All  ejectors  and  transition  Section  inlets  will  be  inside  the 
rnc 1 nsu i e . 

Reliability: 

The  suppressor  system  shall  be  designed  for  a  life  cycle  of 
10  years. 

Ha i nt a i nab i 1 i t y : 

The  suppressor  shall  be  easily  maintained  and  not  require 
major  repairs  during  the  life  of  the  system. 

Compa t i b i 1 i l y : 

The  suppressor  system  shall  be  compatible  with  the  i.'avy  design 
A/}'3?J_15  (d.  aunt  able  enclosure)  test  cell.  Interface  details 
will  be  defined  by  the  K'a  vy. 

Ac  on stic  Criteria 

The  suppressor  noise  reduction  performance  will  be  evaluated 
at  both  the  far-field  (250  foot  radius  from  the  engine  core) 
and  near-field  (?0  foot  sideline  distance  from  the  engine 
centerline). 

The  far-field  and  near-field  noise  goa 1 s  are  the  Sound  Pressure 
Level  (SPL)  spectra  given  in  Table  2,  which  are  the  same  as 
the  Grade  II  criteria  given  in  USAF  Spec i f i ra t ion  M I L ~N~ S3  1 55B • 
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7.1.2 


T  i-  s  t  Site 


Tlie  test  site  will  include  t- :  11 1  i  .1 1  '.1  rviu-s  for  cpr-iting  a 
turbojet  engine  with  afterburner  thrust  up  to  ?4,SO0  pounds.  fl.e  test  -w.-a 
terrain  should  he  relatively  flat  with  no  tore  th.iii  *1  degree  angle  of  grade 
f  1  o:n  the  engine  tenter  to  the  acoustic  Moulding  hr  .it  inns, 

The  selected  test  site  is  ,fn  out  of  eivicc  "Trst  Cell  Noise 
Supj  ie  •,  sor " ,  I*.  ■>del  A/F  37T-2  lo  .it'd  at  McConnell  Air  Tom  e  Pace.  Tin.’  rell 
is  opposite  the  Contractor's  facility  .aid  adjacent  to  an  open  apron  that  is 
•uit able  for  S'i;nd  pressure  level  im-asui  einent  s .  The  A/F  3  2  f  -  2  will  l»e 
r »  *  J  i  f  led  to  ,nu.,  .d.ite  testing  of  tlie  Coanda/Rcf  raction  Noise  Suppressor. 

7.1.3  Inst  1  •  tit  at  ion  R.-qoir.  ■  cuts 

7  .  1  . 3  -  1  r.sgir.o  Pa  1  a  ,-t  <  r  S 

The  »  rigir.e  inst  1  u  •••nt.rt  ton  r.  gu  i  m  .  ent s  are  listed  in  Table  3* 

7.  1.3 -2  Cc-U'da  At  1  ody  ic  PatafterS 

The  Chanda  surface  .md  ejector  i ns t 1 e;  ent a t ion  arc  shown  on 
Figure  5.  Che  instrumentation  includes  10  static  pressure  pickups  and 
10  surface  t .  peiature  t  he  rnoc  oupl  es  at  10°  angle  inert-  .--nl  s  on  the 
Coanda  centerline,  12  static  pressure  pickups  and  ]2  surface  t her nrn  oup 1 es 
on  the  ejectors,  four  each  static  pressures  .and  temperatures  on  the  Coanda 
side  panel,  and  an  exit  total  pressure  rake. 

Table  4  tabulates  t lie  requited  instrumentation  range  and 
accuracy  for  these  parameters. 
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I  ABIE  3 

ENGINE  INSIRUU*  niae  ion 


1 1  em 

Units 

No._  P 

• ;  1 1  g  e 

?■<  (  u i  ncy 

A 

RPM 

1  1000 

-  /ooo 

*0.5%  a 

"a 

RPM 

1  5000 

-10,000 

*0.5%  * 

% 

ps  i a 

1  atin 

-  27 

*0.3%  * 

To 

°F. 

1  a  mb 

-  1030 

30°F.a 

w 

f 

1  b/Mi  n 

1  0 

-  1000 

*1.0%  a 

F 

9 

lb. 

1  0 

-  75,000 

‘0.3%  * 

uel 

°F . 

1  0 

-  100 

♦2°F.  A 

PA 

ps  i  a 

1  13  - 

15 

-  0.01  inch  water 

P,iinb 

in.  Hg. 

1  28  - 

29 

t  .07.  In.Hg. 

T  . 

<i'7jb 

°  F. 

1  0 

-110 

1°  F. 

Poil 

pslg 

1  0 

-  60 

*3%  * 

Toil 

°F. 

1  a  mb 

-  300 

+5°  F.a 

(P  -P  )  Eel  1  mouth 
t  s 

i n . H^Q 

1  0 

-  70 

0.5% 

Wind  Ve loc i t y 

HPH 

1  0 

-  20 

+  1  Hi  PH 

Wind  Direction 

Degrees 

1  0 

-  360 

*10° 

(0°ref.to  true  North) 

Relative  Humidity 

% 

1  0 

-  100 

*5% 

Eng i ne  V i br at  ion 

Mils 

1|  Q 

-  IQ 

+  1%  -A 

*  Depends  on 

Control  C.-b  1  nst  ru::.ent  at  ion 
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IARIE  4 

t  C'AN  DA  AND  tJtUOR  I  NS  l  KUftl'N  I A  f  I  ON 


I  cent  ion  and  M-  •mji  ■  oent_ 

L/'n  i  t  S 

No. 

P 

ansje 

Accuracy 

Nozzle  exit  static  pressure 

ps  ia 

4 

Amb. 

-  0.5 

+ 

IS 

A 

(  ji-rtur  st.it  ic  pressures 

p  s  i  a 

12 

10.0 

-  A'Tib. 

+ 

\% 

1 

rj.-c.tur  retal  surface  temper. itnre 

°R 

12 

A"ib . 

o 

o 

o 

1 

+ 

2% 

» 

\ 

Ctiinda  surface  static  ptessuics 

[J  S  i  3 

14 

10.0 

-  Mb. 

+ 

1% 

i 

i 

( 

Co. Hide  r.etal  sin  face  t'l'perature 

°R 

14 

Mb. 

-  1 500° 

2% 

.i 

l 

Txit  r.Ae  total  pic-ssures 

ps  ia 

14 

Amb. 

-  17.0 

+ 

i  n% 

/J.'SJ’/.-f/VfX 
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2.1  .3.3 


Coanda  fnclosure  In1.!  ru  ■  i-nt.it  ion 


4.  The  enclosure  for  tlie  Co.uidn  will  lie  i  nst  rur -.anted  to  determine 

the  amount  of  secondary  cooling  aiiflow  entering  t  tie  Coanda  and  ejectors. 

Figure  6  depicts  the  static  pressure  instrumentation  equally  spaced  approximately 
four  feet  apart  inside  the  secondary  air  channel  entrance  on  e,,ch  side  of  the 
enclosure  and  aft  air  inlet.  The  average  static  pressure  measured  within  the 
entrance  will  he  combined  with  ambient  pressure  and  secondary  air  entrance 
area  to  calculate  secondary  air  mass  flow.  In  addition,  t  wo  static  pressure 
pickups  will  he  located  Inside  the  enclosure. 

Vibration  transducers  will  be  installed  on  each  side  of  one 
sidewall  of  the  enclosure  to  monitor  typical  sidewall  vibrations. 

?.  1  .3.4  Acoustic  Parameters 

The  Coanda  enclosure  acoustic  instrumentation  is  illustrated  on 
Figure  7*  It  includes  10  microphones  paired  on  the  sides  of  the  enclosure  wall 
and  roof  (one  on  the  inside  and  one  on  the  outside)  approx ima t e 1 y  as  shown. 

Far  -field  measurement  microphone  locations  shall  be  as  shown  on  Figure  S.  The 
microphones  will  be  mounted  on  two  powered  carts  that  traverse  30  degrees  of 
the  semi -c 5 r c 1 e.  Fach  microphone  will  incorporate  a  wind  screen  and  will  be 
:•  nunted  such  that  the  face  will  be  approximately  1/2-inch  above  the  ground 
l.vel.  I.'c-ar-f  i  eld  acoustic  measurements  will  be  made  on  a  20  foot  rectangular 
pattern  as  illustrated  in  Figure  9-  The  microphones  will  have  a  typical  spacing 
of  20  feet  from  the  engine  centerline  arid  between  adjacent  mikes.  They  will 
be  mounted  approximately  5"l/2  feet  above  engine  ground  level. 

2. 1.3.5  Structural  Instrumentation 

Instrumentation  will  l.e  installed  on  the  Coanda  to  support  a 
brief  structural  analysis.  Instrumentation  locations  are  shown  on  Figure  10. 
Table  5  lists  the  instruments,  instrument  location,  and  an  estimate  of  the  test 
environment  extremes.  Pressure  and  t  umperat ur e  data  requirements  for  the 
Coanda  surface  are  as  defined  in  Section  2. 1.3*2. 
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©  MICROPHONE  LOCATIONS 

(2  EACH  PLACE,  1  ON  INSIDE  AND 
1  ON  OUTSIDE  WALL  SURFACE) 


ENCLOSURE  ACOUSTIC  INSTRUMENTATION 
FIGURE  7 

I  NO. 


7  IN  PiN 


T 

J 


TABLE  5 

> 

r 


STRUCTURAL  I  NS)  RUMEN TAT  I  ON 


ST  FA.  IN  CAGE 

MAXIMUM 

NO. 

location 

ILMdCPATURE 

1 

Tup  Coanda  1  -Be. am  (Top  Surface) 

200°  F 

2 

Top  C>.-j;via  Atop  Frame  Surface 

2  00°F 

3 

Upper  Hollow  Pin 

250°F 

b 

Support  f i  one  Leg 

200°  F 

5 

Mid-Coanda  I  -Beam  (Top  Surface) 

300°f 

6 

Mid-Coanda  Atop  Frame  Surface 

300°f 

7 

Lrv.er  Pin 

300° 

F 

VIBRATION 

DIRECTION 

MAX  1  MUM 

1  KAN  SDUC  f  RS 

LOCATION 

(REF. FIG. 10) 

TEMPERATURE 

1  A  2 

Top  F due  of  Coanda 

X 

500°F 

3 

Top  Center  Side  Panel  of  Coanda 

Y 

700°F 

b 

Top  Center  Surface  of  Coanda 

X 

700°F 

5 

Mid-C-  nter  Side  Panel  of  Co -.nda 

X 

I000°F 

6 

Mid-Center  Side  Frame  of  Coanda 

X 

700°F 

7 

Mid -Center  Atop  Frame 

X 

1  200°F 

8 

Inlet  Centerline  on  Co mda  Surface 

Y 

1 000°F 

9 

Inlet  Center  1  ire  on  Coanda  Surface 

X 

1 000°F 

£L ?nr/7fA/*z 
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? . 2  TASK  II 

Task  II  consists  of  lit  c  fabr  icu  t  I  on  of  the  full  scale  noise 
•■<si  i>t  c.'.ur  «?<•:  jnsti.jtor  end  all  equipment  necessary  for  the  test  site  and  test 

Setup.  . 

2.2.1  t.'oise  Suppi  essur  Fabrication 

rise  Coanda  jet  deflector . system,  acoustic  enclosure  and  support 
structure  wi  11  I  c  f.-Lricat  ed  at  Boe i ng~W i ch 1 t a  in  accui dance  with  the  design 
developed  (and  reviewed  by  the  h'nvy)  in  Task  I.  The  noise  suppressor  will  be 
fabricated  using  the  some  techniques,  wherever  possible,  as  for  a  production 
unit.  The  hardware  will  he  fabricated  to  endure  a  life  cycle  that  includes  the 
planned  testing  of  this  contracted  effort  and  subsequent  development  phase. 
Materials  and  manufacturing  processes  will  be  selected  with  future  hardware  low 
production  cost  as  a  primary  consideration.  The  hardware  will  have  the 
capability  of  being  dismantled  into  sections  for  shipping. 

2.2.2  Test  Equipment  Fabrication  or  Purchase 

Some  test  equipment  and/or  instrumental  ion  will  be  purchased  to 
perform  the  tests  outlined  in  the  following  sections.  Typical  equipment  includr 
additional  microphones,  preamplifiers,  potentiometers,  transducers,  etc.  All 
accountable  property  (jess  exprdndeble  material,  equipment  and  supplies)  will  be 
delivered  with  the  suppressor  at  the  contract  conclusion.  Certain  specialized, 
not  co-.,  ercially  available,  equipment  and  instrumental  ion  will  be  fabricated  by 
Poring. 
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2.3  Task  III 

Task  III  will  consist  of  assembling  and  setting  up  the  full 
scale  demonstrator  ground  noise  suppressor;  and  the  installation,  calibration 
and  checkout  of  tire  instrumentation  required  to  conduct  the  test  program 
defined  in  Section  2.  A. 

7.3.1  Di  ■  onstrator  Test  Cell  Sc-t  Up 

The  de  ionstiator  test  will  he  conducted  at  McConnell  Al’B  using 
an  existing  Test  Cell  Noise  Suppressor,  Model  A/1"32T~2,  modified  to  include 
the  Coanda/Ref ract ion  Suppressor  system.  The  Model  A/F32T-2  suppressor  is 
illustrated  in  figure  II.  The  augnentor,  its  enclosure,  and  the  exhaust 
plenum  end  silencer  will  be  replaced  with  the  Coanda/Ref ract ion  Suppressor 
illustrated  in  figure  2.  The  evaluation  tests  will  be  run  using  the  GFP 
turbojet  afterburning  engine  (lf~30-P-9  or  J75-P"12W)  mounted  inside  the  lest 
cell,  with  and  without  the  suppressor  system  installed.  A  description  of  the 
Model  A/1 32T-2  test  <  ell,  end  instructions  for  its  operation  and  maintenance 
are  contained  in  Refer  •nice  3*  It  should  be  noted  that  the  A/132.T-2  test  cell 
is  designed  to  m  i  <y ■  oda t e  either  of  these  two  engines. 

2.3. 1.1  Coanda  Test  Cell  Assembly  and  Installation 

The  Coanda  Test  Cell  Assembly  consists  of  three  major 

subasscmbl I es : 

0)  Coanda  Bnd  supports, 

(2)  Fjectors  and  supports,  end 

( 3 )  The  <  nc 1 osu r e . 

The  Coanda  and  supports  ere  shown  on  figure  12.  The  unit  is  r ode 
of  we  1  tied  steel  construction  and  disassembles  into  three  sections  for  trans¬ 
portation  arid  reassembly.  A  br<  Rdown  by  apprex  irnat  e  si  pc  and  weight  is  shown 
in  Table  6.  The  inlet  section  is  supported  at  the  forward  end  by  mans  of 
the  ejector  assembly  aft  supports. 
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The  ejector  and  supports  are  constructed  of  welded  steel  (figure  13)  and 
d i sassemble  into  five  subsections;  forward,  center,  and  aft  ejectors,  and  right 
and  left  h.nd  supports.  fach  ejector  weighs  approximately  1000  lbs.  and  each 
support  approx  ir.u  t  e  ly  1  000  lbs.  The  assembled  ejectors  and  supports  measure 
approximately  1  W  long  x  168"  wide  x  8/"  high. 

The  iloublo -walled  (ncbeure  is  mde  of  one-foui th  inch  tliick  steel  plate  of 
welded  construction.  Txternal  dimensions  of  the  assembled  enclosure  are 
approximately  h  3 1  lung  x  23'  wide  x  ^  0 1  high  as  shown  in  figure  2. 

Disassembly,  t r.iuspor t a t i on,  and  reassembly  of  the  enclosure  is  made  practi¬ 
cable  by  designing  time  enclosure  to  break  down  into  $8  panels  in  si^es  from 
k'  x  8'  to  8'  x  1 6 1 .  The  panels  are  bolted  together  on  assembly  using  rubber 
•cals  between  inner  panels  and  sealer  between  outside  panels.  The  inside  wall 
is  designed  to  "float"  by  means  of  rubber  support  pads  and  by  cushioned 
sncllers  la.twi  en  inner  and  outer  walls.  The  ceiling  joint  incorporates  a 
continuous  rubber  strip  end  bulb-type  isolators. 

The  forward  wall  of  the  enclosure  adepts  to  the  A/F32T-2  test  cell  at  the 
engine  exit  plane.  The  wall  will  be  attached  to  the  test  cell  to  serve  as  an 
acoustically  treated  partition  for  baseline  tests.  Three  basic  configurations 
will  be  tested  as  surmar i /ed  in  Table  7- 


2. 3- 1.2  Engine  and  Test  System 

The  f.'avy  has  indicated  that  a  PsWA  Model  J75“P"19W  should  be 
assumed  as  the  test  engine.  The  tests  will  be  conducted  with  a  calibrated 
be- 1  1  i:oj  t  h.  A  description  of  the  engine  and  its  operation  is  contained  in 
Reference  k.  The  performance  ratings  of  the  engine  are  shown  in  Table  8. 

The  test  system,  previously  shown  on  Figure  11,  includes  all  systems 
necessary  for  safe  and  efficient  engine  operation  as  described  in  Reference  3* 
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TAB!  E  7 


1 1  sr  ccni  ictj:-.Af  ions 


Peso i i pt i on 


J / 5  Engine,  A/F  32T~2  Test  Cell 

No  suppressor,  °nd  with  t  fie  front 
wall  of  noise  suppressor  at  engine 
exit  plane 

S ,vnc  as  Configuration  I  plus 
Cociufa  only 


Some  a s  Configuration  II  plus 
Noise  Suppressor  Enclosure 
Instal lation 


I  ABI  E  8 


TI  i  rust 


(l) 

M i  1 i tary  (2) 

Non  .a  1 
;'j%  Normal 
15%  Normal 
Idle 

(Nozzle  Open) 


RATINGS 

J ]5  P-19W  p 

AT  STANDARD  S 

1  KIORKANCE  RAIINGS 

TA  I.TVFL  STATIC  CONDITIONS 

Jet 

Thrust 

i  n 

Pounds 

(Min.) 

Max  ii.ium 

N, 

1  pm 

Max  inu/o 

V2 

1  pm 

Spec  i  f ic 

Fuel 

Consumpt i on 
lb/hr/lb  thrust 

Rated 
Mr asured 
Gas  Temp 
(Max.) 
°F 

2  f  4  b>  0  0 

6400 

£990 

2.15 

1175 

16100 

6440 

9000 

.82 

1166 

14300 

6080 

S/30 

.79 

— 

12900 

6830 

8975 

.77 

— 

10/00 

5470 

8300 

.76 

— 

11S0  (1: 

'■ax)  2750(/n 

in)  3930  (min)  1/10  lb/hr  max 

— 

,'OTES:  Nj  -  Speed  of  low  pressure  to . .p r essor- 1 u r b i ne  unit. 

N'2  -  Spied  of  high  pressure  compressor-turbine  unit. 

(1)  This  rating  is  obtained  with  afterburning  and  is  limited  to 
five  mi nutes. 

(2)  Operation  at  this  power  is  limited  to  30  minutes. 
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?. 3 . 2  Data  Acquisition  System 

The  test  instrumentation  will  be  designed  and  installed  to 
provide  specific  data  pertaining  to  engine  operating  parameters,  suppressor 
•m  exist  ic  performance,  environmental  weather  conditions,  Coanda  enclosure 
vibration  levels,  suppressor  pressures,  temperatures,  stress  and  vibration 
response  levels. 

The  block  diagram  of  Figure  14  depicts  the  basic  operational  functions  of 
the  planned  test  data  system.  Data  signals  will  be  rapidly  scanned  and 
processed  through  a  real  tic  e  analyzer,  a  mini -to  puter ,  digital  tape 
recorder,  and  on-line  printer  for  cor  reeled  and  normalized  data  printouts. 
Raw  data  r  *•<;<_<  i  c5 »  d  oil  digital  mignetic  tape  will  be  retained  for  additional 
analysis,  if  inquired.  Acoustic  and  vibration  data  signals  will  be 
s  leu  1 1  oii'-iju  s  1  y  r  i-ioi  did  on  the  FM  analog  magnetic  tape  system  for  suhsegu.-nt 
ana  lysis. 

7. 3.2.1  Fnginc  Performance  Pita  Acquisition 

Pasic  engine  performance  data  parameters  listed  in  Table  3  will 
be  recur d*-d  during  all  testing  utilizing  existing  test  cell  instrumentation 
where  practical.  Additional  data  parameters  will  be  i nst rumen t ed  with 
Industry  standard  data  senso.s.  Engine  performance  data  will  be  recorded 
for  each  steady  state  condition  in  conjunction  with  the  test  specimen  data 
parameters’. 

Output  signals  of  selected  transducers  will  be  scaled  in  engineering  units 
for  on *line  monitoring  during  test  condition  setup. 


PfiVt.lR: 


/ej*/'>v:vvvz^ 

NO. 

03-5574 

Sf-CT  2.0 

PAGE 

46 

i  -  KOJ  nr 


▼ 


7 .}.7 .2 


f 


T,  :  , 


Ll.ltUtC 


and 


F r  assure 


D.it.i  A <  qui  s  !  t  ion 


Static  pressure  probe,  prcssui  e  i  a  Re  and  sut  f.»cc  temperature 
then  ...couple  instrumentation  will  he  installed  ns  outlined  in  Paragraph  2.1.3. 2. 
Pressure  and  temperature  transducer  signals  will  be  sampled  rapidly  by  data 
system  scanners  interfaced  to  the  computer  through  a  multiplexer  and  ana  log/d ?g i t a l 
converter.  During  set  up  and  recording  of  each  test  condition,  individual 
pressures  and  temperatures  will  he  displayed  on  a  cathode  ray  tube  (CRT)  monitor 
which  can  he  periodically  updated  by  operator  command. 


2.3.2. 3  Vitiation  and  Strain  Data  Acquisition 

The  Coaiida  will  he  instrumented  with  high  temperature  vibration 
transducers  at  nine  proposed  locations  as  shown  in  Figure  10.  Final  pichup 
locations  will  he  adjusted  to  be  compatible  wi th  tire  test  configuration.  Seven 
strain  gages  will  be  installed  to  provide  mean  strain  data  at  the  locations 
shown  In  Figure  10.  The  strain  g.ge  signal  conditioning  output  signals  will  be 
interfaced  to  the  computer  through  a  multiplexer  and  analog/digital  converter. 
Four  additional  transducers  will  be  installed  on  the  noise  suppressor  enclosure 
to  monitor  the  vibratory  response  of  the  structure  v.all  as  shown  in  Figure  6. 
Output  response  signals  of  the  vibration  transducers  will  be  channeled  through 
their  respective  signal  conditioning  systems  and  t  lie  dynamic  response  data  will 
be  recorded  an  a  FM  magnetic  tape  system. 

?.}.?.k  Acoustic  Data  Acquisition 

Far  field  acoustic  array  measurements  will  be  sensed  at  13  points 
on  a  ?50  foot  polar  array  by  two  traversing,  wind  screened  m ic roplones , 
positioned  with  their  sensing  elements  1/2  inch  above  the  ground  plane.  Sear 
field  ••roust  ic  me.3t.ui  errents  will  he  sensed  at  five  locations  on  a  rectangular 
.array  by  fixed,  wind  sere- tied  microphones  with  their  sensing  elements  5-5  feet 
above  and  parallel  to  the  ground  plane.  Fixed  microphones  will  also  be  located 
.at  ten  locations,  paired  inside  and  outside  the  suppressor  enclosure  walls, 
for  wall  transmission  loss  studies.  Microphone  signals  will  be  channeled 
through  signal  conditioning  nodules,  a  General  Radio  1521  Real  Time  Analyzer, 
a  Varian  Mini -computer,  digital  tape  recorder  and  on-line  printer.  The  data  will 
also  be  recorded  on  a  FM  magnetic  tape  system  for  subsequent  additional  analysis. 
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?. 3.2.1)  coin’d. 

Microphone  positions  and  the  basic  .‘n  oustic  data  systems  .ire  included  in  the 
block  diagram  of  figure  l*r.  All  m  oustic  data  will  he  corrected  during 
acquisition  to  re  oust  i  c  standard  day  values  with  respect  to  temperature  on  d 
re  1  .it  i  ve  hum  i  d  i  t  y . 

D.it.i  wi  11  1  >e  analyzed  on-line  using  the  real  time  analysis  system  set  for  an 
8- ?.-<*(  ond  integration  time.  Computed  and  tabulated  data  listings  will  consist 
of  1/3  octave  band,  octave  band,  overall,  and  dBA  levels  at  the  respective 
measurement  location.  The  print  out  will  be  available  following  completion  of 
each  test  sequence. 

7.3.?. 5  environmental  Orta  Acquisition 

Wind  vein. city  and  d  i  i  «-i  tion,  barometric  pressure,  ambient  air 
1 1  -per  at  itre  and  relative  humidity  will  he  recorded  automat  really  or  manually 
for  each  test  condition.  Wind  direction  and  velocity  will  be  referenced  to 
the  engine  centerline  and  monitored  continuously  during  acoustic  data 
<;u i  s  i  t  ion  per  i ods  . 

2 . 3 . 2 . 6  Calibrations 

All  instrumentation  equipment  will  be  calibrated  in  accordance 
with  standard  labor. itory  procedures  maintaining  traceability  to  the  national 
Bureau  of  Standards.  System  calibration  will  be  performed  before  and  after 
each  test  per i od  to  injure  data  reliability. 
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7  .U  Task  IV  -  Full  Scale  Dr.ionstr.jlor  Tests 

Task  IV  will  consist  of  a<  ro.npl  i  sliing  the  test  program  to 
evaluate  the  full  scale  demons  ti  ator  i  onf  i<jut  at  ion  with  respect  to  propulsion, 
acoustic,  aerodynamic  and  structural  considiM.it  ions, 

2.^.1  Full  Scale  Hardware  Test  Pimjiain 

The  full  scale  liar  dw. ire  test  piojiarn  is  to  he  performed  in 
compliance  with  Reference  (5).  Flic  engine,  jet  engine  test  cell  and  adapter 
kits  are  to  he  fuinished  by  the  Government.  .  The  Co  anda/r.of  ract  ion 
Suppressor  and  (enclosure  are  to  be  designed  and  fabricated  by  The  Boeing 
Company-Wich i ta  Division.  The  crew  for  operating  and  maintaining  the  engine 
and  GTE  test  cell  Model  A/F  32J-2,  as  well  as  spare  parts,  will  be  furnished 
by  t  lie  Government. 

The  objective  of  the  test  is  to  prove  the  Co.uida/Ref ract ion 
noise  suppression  concept  by  full  scale  demonstration  tests  and  exper ir ent a  1 
investigations  using  a  jet  engine  with  afterburner.  The  test  is  intenb-d  to: 

(1)  Measure  the  sound  pressure  levels  in  near-  «nd  far-field 
for  all  frequency  hands. 

(2)  Determine  the  capability  to  c-duct  required  cooling  air 

(3)  Tvaluate  the  Coanda  surface  film  cooling 

[k)  Measure  the  deflection  surface  operating  temperatures. 

(5)  Provide  experimental  data  to  substantiate  the  structural 
ana  1 y  ses . 

Pr  el  iriirury  engine  runs  will  he  rode  at  the  Ik  ginning  of  lists  of  each  configu¬ 
ration  to  check  out  the  hardware  and  systems. 

The  acoustic  tests  are  the  prime  objective  of  the  test  program 
and  are  intended  to  measure  sound  pressure  levels  and  hardware  dynamic  response 
to  the  sound  pressure  environment.  Details  of  the  acoustic  evaluations  are 
contained  in  Section  2.^.2. 
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Ft.. pulsion  tests  will  he  pet  f 01  d  to  assure  that  the  engine 
fuel  oiid  oil  supply,  la.-chonica  1  ,  pi.,  umot  ic  and  i  nst  rur.ent.it  ion  systems  are 
functioning  properly.  Checks  will  he  made  to  assure  that  the  engine  responds 
pioieily  to  inyine  (ontrols  and  that  the  power  settings  fall  within  prescribed 
limits,  h'.iissjiy  engine  trimming  operations  should  he  performed  during 
pit  .'pulsion  system  tests. 

Aei  t  d>,  n .  >:r,  ic  testing  tefetted  to  herein  generally  refers  to  the 
flow  of  the  jet  i  *.h->ust  tluough  the  Coanda,  tfie  ejector  cooling  air  flow 
evaluation,  the  airflow  induced  by  the  Coanda  and  the  resulting  forces  on  the 
Coanda  and  its  enclosure. 

Structural  testing  refers  to  the  recording  of  strain  gage  and 
ac  colei «.  ••ter  data  and  related  pressures  and  temperatures  that  are  supportive 
to  the  brief  structural  analysis  of  the  Coanda  structure.  Structural  test 
data  will  he  t  <  i.  or  d.-d  during  the  acoustic  testing. 

Dir  e  e  basic  c  onf  igui  at  ions  are  to  be  tested  as  defined  in  Table 
f.i h  i  onf iu ji at  ion  will  he  tested  at  three  power  settings;  idle,  military,  and 
:  :>;i.  .i  aft.  i  burning  (without  water  injection). 

An  estimate  of  the  planned  test  sequence  is  summarised 

in  Table  9- 

It  should  be  noted  that  the  Configuration  I  testing  will  be 
performed  without  the  use  of  jet  exhaust  deflectors  or  sound  suppressors. 

The  jet  wake  temperature  and  velocity  diagram  for  the  test  power  settings 
are  h  _wn  on  figure  15.  Special  precautions  will  be  taken  because  of  the 
noise  and  exhaust  blast  hazard  to  personnel,  equipment  and  potential  fire 
of  vegetation  in  the  jet  wake  area. 
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7.^.2  ;  ■  til.  !  .  1  •  t  ion 

The  "  ;  :  s  t  i'  'll  ["  i  fot  r  iii'  it  of  the  noise  su;  pressor  system 
w  ill  !;e  *  v .  j  1  tj  j  t « •  tJ  ty  it  .e  ui  i  ny  t  lie  Sound  Pressure  level  (SPI.)  .it  the 
ii'i.itiins  Mild  under  the  conditions  described  below. 


2 .  U .  2 .  1 


limits: 


,H.  i  .-■i  ulu.jic.il  -in  d  Fxti  .meous  Noise  limits 

/■' i .  ;st  i  c.  ,j  1  li,.-  <  u  r-  .  nt  s  will  he  is.ide  within  t  lie  following 


t .  oi  (.•  1  oij  i  i.  a  1  : 


0) 

cui face  wind 

5  bnot 

i .  :  >;  i 

.•■ijin 

(2) 

A  hi  <iit  t  . -isp.: i 

■  it  ure 

0 

o 

,  ,  o 
to  Jt> 

F 

(3) 

Relative  humid 

•  ty 

75  t  o 

rjOl 

r  x  t  r  • 

.-us  Noise  Li 

mits  : 

(1) 

S  i  you  1  ■  To  No  i  s 

e  rati 

o  1 0  1 B  at  7 

50 

2  fur  field  e:‘4ic  !’■  our.  •••rits 

fur  fi.-ld  •  ■  ost  ic  i  ■  --..if .  •  nt  s  will  be  n.ide  on  a  ?lj0  ft. 

red  ins  * .  i  c  i  i  1  e  at  1  5°  I  ric  r .  •  nt  s  as  oh  >wn  on  Figure  8.  These  iwason  ••■••n 

will  be  i  • :  le  ;,t  yi  .vjnd  level  on  a  hard  surface  (either  concrete  or  asp*  alt) 
The  data  will  be  collected  for  a  t  is  ;«•  [.her  i  c  .ibsotption.  V,  ucure  v.-nt  s  will  b 
trade  for  military  rut.-d  thrust  and  a  f  i  c-rLui  n  i  ng  power  settings. 

?.lf.2.3  K.  „r  Field  Ac  nest  Ic  K  ejre;;.  nts 

)i  field  ••  '.-  tic  i  •  .I'-urri-i.-nts  will  he  r.’de  approximately 

7  0  f  (  1  fit.—  tle  or  i  ut  >i  1  i  i,  e  or  10  feet  f  tom  the  suppressor  walls 

.it  a  height  of  f.  ■  t  fm  the  l--.  ..t  ions  shown  in  Figure  9-  LVa  s  u  r  c  .  on  t  S 

on  site  si's  .  .f  1  !  e  wills  -nd  .it  the  inlet  and  .xit  of  the  air  ducts 

will  be  tt-'ide  «t  the  lot  at  ions  shewn  in  Figure  7.  Measurements  will  be 
ii . j d e  for  idle,  military  fated  t  ii  r  u  s  t  and  a  f  t  c  i  b  j  i  n  i  eg  pc>we  r  suitings. 
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A 


r I'lcssor  Ai  >'ost  ic  Pel  full-  mre 

A>  i  ept  abl  e  pi:i  fiMiiin  e  of  the  r  uppr  i-'.sor  system  will  he 
(’(■  1 1  ;  ,  i  i  ■■  d  hy  i  ■ 1 : i  i  ug  the  2  3  0  foot  f  o  r  -  f  i  e  1  d  a  nd  2  0  foot  nr  a  r  -  f  i  e  1  d 
;  .  •  su  i  i  .  •  n  t  s  to  t  he  v  1 1  <;<•  s  listed  in  T-L 1  e  2  of  Section  2.1.1.?. 


2  .  U  .  2 . 5  I  n ■- 1 1  u  e 1 1 1  ,i  t  i  on 

A  i.  1  i  hr  1 1  i<  n  and  frequency  response  of  1  he  entire 

i  ■  r.Mji  •.  ent  system,  including  microphone,  will  he  used  to  «  or  met  the 

:  .f'ljied  cJ.it  a .  flic  range  of  frequency  response  of  the  system  will  he 

fmm  US  to  11,300  H/  end  the  response  stated  within  t  2dB.  An  acoustic 

calibrator  will  he  used  for  a  system  calibration  from  the  microphone  to 

o 

the  analyzer.  The  sound  pressure  level  (dB  Re  .002  DYNK/CM  ')  produced 
hy  the  cal  iLrat  or  will  he  known  within  t  .3,JB.  The  noise  «■ -oppressor 
interior  r:  i  c  i  n  ■  s  will  he  t..;,-ble  of  censuring  1/0  e'S  and  the 

ixterior  r  1 «.  i  •  ;  r  "S  <  .; able  of  r-.  enuring  1 1-0  dB, 

7.U.7.6  Jet /Ce ,,ii  ha  Panel  ine  Test 

The  A/1-32T-2  test  cell  located  at  McConnell  AFB  will  he 
used  to  suppress  the  inlet  and  engine  case  radiated  noise.  The  test  cell 
exhaust  plenum  and  silencer  section  will  he  removed  end  the  front  double 
wall  of  the  C'  .;i>ria  enclosure  will  he  installed  to  prevent  noise  radiation 
f tom  the  interior  of  the  cell.  Noise  r;  ca  sir  r  c-men  ts  will  be  made  in  the 
a  i  -  f  i  1  d  .-nd  fur-field  for  this  configuration  at  engine  power  settings 
of  military  and  full  afterburner  power  power  settings  and  will  serve  as 
the  jet  uhost  noise  baseline.  The  Counda  surface  baseline  will  he 
obtained  fcy  adding  the  Ccunda  surface  and  repeat i ng  the  r;  e ssu r i rent s  and 
power  settings  us.-d  in  the  Jet  fxhaust  Noise  Baseline  test. 
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data  ucqu  i  s  i  t  i<>n  system.  Id.nt i f i cat  ion  information  such  as  run  number,  nozzle 
pt  essure  latio,  exhaust  gas  t  e.,:pi  i  at  urc,  configuration,  date,  meteorological 
information,  and  roeasuied  and  calculat'd  f--i  foi  n.itice  results  will  he  piovided 
similar  to  that  presented  on  figure  16. 

A  run  log  will  he  r.o  i  nt  a  i  ned  including  any  infoi  i-.a  t  ion  that  night 
he  pert  lr  >ent  to  the  test  results.  All  adjustments  and  changes  to  the  equi;  v.-nt 
and  instrumentation  will  be  recorded. 

Acoustic  Tit  a: 

Acoustic  data  will  he  obt  a  i  n.-d  f  i  O'O  the  microphone  arrays 
previously  described  using  tire  Cerieial  Radio  1221  real  tine  analyzer,  magnetic 
tape  recorder,  mini -computer  and  printout.  This  pi ov ides  for  printing  out 
selected  acoustic  data  on-line.  However,  cost  data  will  be  recorded  on  digital 
lagnetic  tape  and  analyzed  later.  This  is  done  to  speed  up  data  acquisition. 

The  far-f ield  microphones  will  be  tiaversc-d  on  a  2  5>0  foot  radius  with  data 
n, oided  at  15  degree  intervals.  Tech  position  for  the  far-f iel d  and  the 
r  ai-field  ii.de  nph  n<  s  w  i  I  I  I  c  identified  on  the  data  listing  for  positive 
i  dent  i  f  ic  .at  ion  of  test  d  a  t  a . 

Sound  pic. -ure  level  (SPl)  will  he  tabulated  for  both  one-third 
«nd  full  octave  Land  f  i  .  queue i os  f i o.n  60  to  10,000  Hz.  Overall  sound  pressure 
level  (OALPI.)  and  "A"  weighted  (dBA)  i,  •  .i«-ur«,  ents  will  be  computed  and  tabulated 
for  each  microphone  location  for  each  test  '.ondition.  Plots  will  be  provided  of 
the  full  scale  one-third  octave  SPL  similar  to  that  shown  in  Figure  17. 
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mil.  Sr.Mf  NT PANS i FAVOR  DATA 
NAVY  COANDA/RI  TRACI  ION  NOISE  SUPPRESSOR 


Cc  .nf  i  ijii  i .!  t  i on 

Vi  nd  Angle 

Arb  i  iiit  Tempo  i  ■> t  ure 

Engine:  Tlii'ust 


P  i  i  • .  •  1 1 1  e  P.n  t  i  O 
Pel  li .  ruth:  P 
Ps  1  PSIA 
2 

10 


Run  Pute . 

Velocity  Jtel  Humidity 

Ambient  Pressure 
__  RPM:  Nj  -  N2 

T enp  Ra  t  i  o 
Delta  P 


-Ts 


1  °F 

2 

10 


Side 
r  uel 


1  I,  r  s  : 


1  PSIA 

2 

-> 

J 

4 

1  PSIA 

2 


-TS 


-  Ts 


1  °F 

2 

3 

4 

1  °F 


12 

r-r.  Iomji  ,':P$  1  PSIA 

r c.ihdu ry  2 

Air  Inlet 


12 

Ce.mda  PT  1  PSIA 
Fate: 


12 

P  13  PSIA 
—  S 

14 

24 

lb  '°F  - 


14 


14 


Engine  Airflow,  W  p  ~ 

Engine  Fuel  Flow,  Primary  W^p  - 

Afterburner  W;  A(/g 


Secondary  Airflow:  W  = 

— 

Subscripts:  A  -  Air 

S 

-  Static  or  Secondary 

A/B  -  Afterburner 

T 

=  Total 

P  =  Primary 

FIGURE  16 

navy  coanda/p.ei  faction  noise  suppressor 
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FIGURE  17 

FUll  SCALE  C.0ANDA  BASELINE  NOISE  (EXAMPLE) 
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Acoustic  Dot  a  -  Cor  it'd. 


* 


?ii-i:,,iry  plots  of  OASPL  and  dEA  for  ttie  fur-field  microphone  {.level  versus 
microphone  angle)  will  also  be  provided. 

Pressure  and  Tempera  t  ure  Survey  Data: 

All  static  pressure  pickups  and  metal  temperature  t be i moc.oupl es 
will  be  given  i  ib  nt  i  f  i  ca  t  ion  coding  and  t  fie  data  recorded  in  tabular  form  for 
i  ..eh  test  i a  rid  i  t  i  on . 

fbe  individual  probes  on  t be  traversing  total  pressure  and 
total  t  r. ■riper. it  ure  rakes  will  be  identified  and  the  data  recorded  on  digital 
magnetic  tape  and  listed  in  tabular  form.  These  data  will  be  used  in  a 
computer  program  to  compute  the  total  mass  flow  at  t fie  exit  of  the  transition 
section  and  the  exit  of  the  Coanda  surface. 

Strain  Cage  Data: 

The  strain  g >ge  data  will  be  present ed  as  mean  stresses  for 
i  ,idi  of  the  test  runs  and  strain  gage  locations. 

Vibration  environment: 

The  vibration  data  will  be  presented  in  displacement  versus 
frequency  plots  from  10  to  1000  H*. 

Photographs: 

Photographs  will  be  taken  of  all  hardware  and  instrumentation. 
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?.S  T .  i  >.  k  V  -  Or,.;  S  ;  ^  t  h  0 ,  I  e  MObTL  Tests 

.  .  T.j‘. k  V  wS  i  ]  consist  of  One-sixth  M.ilc  model  tests  with  the 

ouc-sixth  stole  model  burner  to  obtain  data  that  will  assist  in  adapting  the 
C<  .:nd.i/Ref  r  at  t  ion  concept  to  i  n  a  i  t  c  ra  f  t  applications,  ,.nd  to  support 
itin.  spec  t  .-d  c hinges  in  ttie  full -si/e  model  test  program. 

7.5.1  Cue-Sixth  Stale  Model  Test  Program 

The  objective  of  t lie  one-sixth  scale  test  program  is  to 
peifoiin  pi  e  1  i  to  i  i,  it  y  invest  igat  ions  into  adapting  the  Cn.,ndn/Ref  rac  t  ion  ,/|.ejst 
noise  suppressor  <  one  ept  to  eng  i  lies- i  n-a  i  r  f  rame  ground  run-up  nppl  icat  ions. 
This  involves  alio.. once  for  notion  of  the  aire.raft  engine  tailpipe  ■ 1  >j  r  i  ng 
operation,  adaptation  to  twin  engine  airciaft  (such  as  f-ft  and  T -lb)  „nd 
si/e  i  xt  i  apolat  ion  of  cum  nt  suppressors  to  accounodate  i  (..annular  airflows 
sinule.ting  the  scaled  engine  airflow  range  of  ^70  to  600  l.bs./SeC,  The 
current  configuration  is  designed  to  handle  airflows  to  300  lbs. /Sec  in 
full  •■rale.  An  outline  of  the  method  of  investigating  those  areas  by  scale 
r  del  testing  is  given  below.  The  testing  will  be  acr.ompl  i  shod  in  the 
?•  e i ng • V i  i  hi t  a  A‘ east ic  Arena  Facility.  The  same  program  rationale  will 
be  i  i ,  t  a  i  i.ed  that  w  :S  utilized  for  the  pievious  scale  model  programs, 
ref.,  i  *  ra  e  s  1  end  7;  i.e.,  the  tests  will  he  primarily  aerodynamic  in  nature, 
with  limited  at  fustic  valuation.  1!  ■■■sc  tests  will  he  run  i  ride-pendent  1  y ,  but 
concurrently  with  the  full  srale  test  program.  Three  test  configurations 
will  be  evaluated. 


The  first  configuration  to  be  evaluated  will  allow  for 
aii plane  tailpipe  wove  e nt  and  will  require  a  new  transition  section  ejector 
n  with  an  enlarged  inlet.  The  inlet  will  be  just  large  enough  to 
capture  the  flew  alb  wing  for  simulation  of  C-inch  (full  scale)  neve,  -.-nt  of 
the  tailpipe.  Tests  will  be  run  with  the  engine  tailpipe  displaced  one-inch 
(model  scale)  in  the  vertical  and  horizontal  planes  with  arid  without  the 
adapter  section  installed.  Metal  surface  t<-  peiature,  internal  static 
pressure  arid  flow  attachment  data  will  he  recorded  for  each  test.  Acoustic 
data  will  be  recorded  near  the  inlet  for  each  typical  configuration  with 
and  without  the  adapter  plate.  Ambient  conditions  and  exhaust  nozzle  flow 
pa  r  erne  t  c  r  s  w  i  11  al  so  be  i ei nr  ded  . 
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On.;  Sixth  Sr. ile  K  nlel  Ti  st  Program  -  Cont'd. 
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A  snond  model  test  ser  ies  will  he  tun  to  determine  the  effects  on 
at  t  .k-  hs.-nt  of  the  coannular  flow  pi  id  n:  ed  in  fan  engines  such  as  the  TI'M  and 
U30-P-'i08  (nonA/B).  rla-se  tests  will  evaluate  the  effects  on  jet  deflection  of 
i  xhrjst  flow  with  a  high  velocity  annulus  of  cooler  gas  surrounding  the  hot 
ichiust  pi  ir  iiy  tore  flow.  Since  the  full  scale  ptograin  involves  only  testing 
with  engines  wit  it  aft  ei  hui  tiers  (which  allows  coannular  flow  to  mix  at  nun-A/B 
power  sittings),  t  I, esc  scale  ta.idel  tests  will  provide  data  and  operational  trends 
t  l.at  ray  he  ext  t  updated  to  rul  1  ‘calc  opeiation  of  long  duct  turhofan  engines. 

Tfie  method  ns.-d  will  he  to  piovide  a  dual  flow  system  with  a  hot  inner  core, 
si/ed  to  (..iiu -sixth  scale  of  a  I  I'M  or  UpOP-hOS  engine.  Model  hardware  from 
the  previous  pure  turbojet  flew  simulation  tests  will  he  used  if  possible. 

The  last  series  of  model  tests  will  he  conducted  to  develop  a 
• y  si  i  m  for  twin  engine  airciaft.  These  tests  will  M-quire  a  new  model  with- 
either  t vo  sets  of  transition  ejectors  or  one  set  with  internal  splitters.  A 
i..  w  "d'.'ble  wide"  Coanda  suif.uc  will  be  required  with  a  i  (movable  splitter. 

Ttst  si  'ulation  will  he  conducted  a  1  t  e  i  r.a  t  e  1  y  with  one  t  ng  i  ne  at  A/B  and  the 
other  at  idle;  with  both  engines  at  full  military;  with  one  engine  at  idle 
.-.nd  the  other  at  full  military;  and  with  Lot  h  engines  at  idle  power  settings. 

These  tests  will  Ice  repeated  with  and  without  a  center  surface  boundary  (splitter) 
installed  on  t  fie  Coanda  surface.  The  object  is  to  observe;  (l)  the  effects  of 
concurrent  jet  deflection  by  two  distinct  power  jet  sheets  in  the  same  deflection 
chafer,  (2)  any  adverse  boundary  conditions  between  two  distinct  energy  levels 
of  dyrumic  g  *ses  which  might  prevent  o'ef  lection,  and  (3)  to  determine  if  a 
divider  wall  is  i>quired  between  the  two  chambers. 

Test  data  nvasui enenls  and  calculations  during  the  last  two 
test  series  wi  l  1  include  metal  surface  tenperatures,  internal  static  pressures, 
flow  at t ei  h  lent  parameters,  no/zl e  exhaust  flow  and  j. -blent  conditions. 
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7.5.  1.1.1  Requirements 

Design  drawings  will  be  prepared  fur  the  new  model  hardware 
and  facility  changes  required  to  accomplish  the  model  testing  outlined  above. 
The  drawing  quality  will  be  sufficient  to  expedite  fabrication  by  the  Shop 
with  liaison  support  f  i  o;n  the  design  engineer. 

?  .  5  .  1  •  1  •  2  Con f  igur.it  ions 

The  configuration  of  the  Coanda  surface  and  transition 
ejectors  for  the  first  series  of  model  tests  to  .allow  for  engine  tailpipe 
excursions  is  shown  in  Figure  18.  The  models  are  similar  to  those  developed 
in  previous  model  tests  (References  1  .and  2)  except  that  the  first  ejector 
inlet  will  be  enlarged  to  capture  the  engine  exhaust  with  up  to  six  inches 
(full  scale)  rn i sa 1 i gnment .  The  design  Tor  nisal ignment  rakes  it  necessary  to 
increase  all  of  the  ejector  area  ratios,  but  only  t lie  last  ejector  aspect  ratio. 

Figure  19  depicts  the  configuration  of  the  test  setup  for 
testing  connnular  flows  with  a  hot  center  jet  and  a  colder  surrounding  flew 
at  flow  rates  simulating  ^70  to  600  l,bs./S**c.  (full  scale).  The  existing 
suppressor  model  hardware  transition  ejectors  and  Ccanda  surface  will  be 
used  with  this  nozzle  arrangement. 

The  model  configuration  for  the  twin  engine,  in-airframe 
adaptation  testing  is  shown  in  Figure  20.  The  transition  section  ejectors 
have  a  deal  inlet  that  simulates  the  engine  exhaust  centerline  distances 
for  the  T-k,  f- 111,  and  F— 1 5  aircraft.  The  F- 1 k  engine  exhaust  centerlines 
are  wide  enough  ajart  to  easily  adapt  to  two  separate  single  engine  ejector 
Con  Ja  s>'Ctiins  housed  in  one  acoustic  enclosure.  Facility  changes  will 
he  required  to  provide  two  nozzles  with  centerlines  simulating  the  distance 
between  t Fie  engines  as  shown  in  Figure  2  0. 

The  twin  engine  and  coannular  flow  model  test  hardware 
d.-sign  will  be  based  on  the  tailpipe  misalignment  test  results. 
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Kit*  haidware  iiguitid  for  <v  a 1  ua  t  i  ng  t.ii  Ipipe  rn  i  ■  a  1  i  gn  r..n  t , 
Fi'jure  21,  will  (>e  fabt icated  first. 

Fabrication  of  tire  lunlw.nc  shown  in  figures  22,  23,  and  2h 
iv  i  1  1  1  •.•jin  h  i.it  r-1  y  after  the  « iv  .plet  ion  of  the  first  test  series  unless 
iieVsign  is  indicated  by  that  listing. 

2.5. 1.3  r.  st  f.  t-up 

The  i  n.>del  an  ar.g*  nt  for  the  simulated  aiiti  aft  tail  pipe 
revs  vnt  test  is  shewn  in  Figure  18.  [he  •  \ i st ing  C<  anda  suppoi  t  f  c..- -e  from 
pievi  us  model  tests  (References  1  and  2.)  will  he  u*  '-d.  The  ejectors, 

Counda  surface  and  adapters  are  those  shown  in  Figure  21.  The  ejectors  are 
positioned  such  that  the  exit  plane  of  one  coincides  with  the  inlet  of  t he 
r,i  xt  and  will  tie  aligned  .is  close  to  the  system  centerline  as  possible. 

The  :•••  >dcl  and  coannul ar  flow  burner  sc-t-up  is  shewn  in 
Figure  19.  The  ;  -del  and  mj;  pur  t  f  t  .ere  are  the  existing  hardware  from  the 
r.i*  al  ign-ent  test.  The  c  hi  r  flow  rig  details  are  shown  in  Figure  22. 

The  i. ;  e  r.i  sal  ign  .tit  and  foie  -.ft  ad  jus  ir.etits  of  the  support  frame  are 

r  egui 1 ed  as  in  the  previous  tests. 

The  rode  1  „nd  dual  hui  n-.-r  arranger, ent  for  the  twin  engine 
suppressor  test  is  shown  in  Figure  20.  The  ejectors  and  Coanda  surface 
are  shown  in  Figure  23  and  the  addition  of  the  second  burner  is  shown 
in  Figure  2*t.  A  new  support  franc  similar  to  the  one  for  the  single  Coanda 
>  ui face  will  he  fabricated.  The  capability  for  roving  the  Coanda  surface 
..•id  eji  i.tors  up  and  down  and  to  the  side  to  simulate  raisal  i g nn.cn t  will  be 
in. .or  p  .1  at  cd  into  this  f  ra-ie  as  it  is  on  the  single  sui  face  support  frame. 
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FXISIING  A/a  NO/ /I  E  (6.13"  D1A) 


I  X  IS  l  I N  G  Ml  LI  VARY 
I'O'.VLR  NO/ /I  (;  (4.31"  UIA) 


> 

SOURCE 


J  47  ENGINE  BURNER 


MILITARY  POWER 
NOZZLE  (4,31"  DIA) 


3”  DIA  SUPPLY  LINE 
SOURCE  J> 


PLENUM 

PROVIDE  INTERNAL  BAFFLES 
AND  F LOW  STRAIGHTENS RS 
AS  REQUIRED 


Hi  SSUHE  AND  El  OiV  RAIL  MEASUREMENTS  REQUIRED 


ADDITION  OE  SECOND  NOZZLE  AND  BURNER  FOR 
TWIN  ENGINE  SIMULATION 
FIGURE  24 
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The  instrumental  ion  required  on  the  model  for  the  aircraft 
tailpipe  misalignment  test  is  shown  in  Figure  18  and  Table  10. 

The  aioustic  instrumentation  will  consist  of  placing  two 
mi c 1 1 nphnne s  at  45°  each  side  of  the  exhaust  centerline  at  a  radial  distance 
of  2  fret  f  i  on  tiie  first  ejector  inlet  plane  and  centerline  intersection  to 
gather  .ii  oust  ic  data.  Hie  frequency  i  ainge  of  interest  is  315  Hz  to  63  KHz 
(2  ^  one'third  octave  bands)  for  model  scale  which  corresponds  to  50  Hz  to 
10  KHz  full  scale  with  the  use  of  a  1/6  scale  factor. 

Instrumentation  required  on  the  model  for  the  cc-annular 
flow  test  (shewn  in  Figure  19)  is  the  same  as  for  the  prior  misalignment 
test  since  tiie  rame  model  hardware  is  to  be  used. 

The  insl ru-ent at  ion  required  for  the  ridel  twin-engine 
suppressor  test  as  shown  in  Figure  70  is  presented  in  Table  11. 

In  addition  to  the  individual  model  instrumentation  listed 
above,  Tabte  12  presents  data  that  will  lie  inquired  for  all  test  runs. 
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TAILPIPE  KISM.IGURl  NT 


WiSIRUKENlAHOH  P.lQUl ?•*:«»  «iS 


TYPE  f.  I.C'C  A I  1 0N_ 

Static  r i  <: '  Ui  e 
at  Nozzle  Exit 


Static  Pic sou  re 
Ejector  Is 

Static  Pressure 
Co  ; nil *3  Surface 


Total  Procure 
Cc.-rula  Exit  PaVe 


SuifaiC  Tap 
TV, oi  r  ocouple 
Ej.-ctor  V/alis 


Surface  T ev>p 

Thernocouple 

Coanda  Surface 


Total  Temp 
Coanda  Exit  P-'Ae 


UNI  IS 
pci  a 

pci  a 

ps  i  a 

p  c  i  a 


QUANI I lY 

4 

12 

10 

14 


12 


10 


14 


RANGE 

13-15 

10-16 

10  /ok 

teh-20 

Ar.b- 1 500° 

;,-:,L-1300° 

A.  b- 1300° 


accuracy 

t  .02  psi 

+  .02  psi 

t  .02  psi 

±  \% 

±  2% 

t  2% 

i  2% 


i 

I 
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7/-FiL  E  n 

TWIN- ENGINE  INSIF.Uhi  NIAl  ION  Rl  OU  I  EEKENTS 


i YP E  &  1  OCA I 1  ON 

UN  1  T 

QJ  'AN  T  1  1Y 

RANGE 

AC 

CURACY 

St.it  ic  Pressure 
at  No/ / 1  e  Txit 

ps  ?  a 

8 

o-?o 

+ 

.02  psi 

Static  Pressure 

Ej actor  Vails 

ps  ia 

12 

10-16 

+ 

.02  psi 

S  t a  t i s  Pressure 

Co.-.,-i<?a  Surface 

ps  \  a 

10 

1 Q-Arib 

.02  psi 

Total  Pressure 

Coanc’a  Exit  Rake 

ps  i  a 

1  ^ 

A-Dh-20 

+ 

I* 

Surface  Te;-p 
THernocoup  1  e 

Ej  ector  Va  i  1  s 

°F 

12 

Attiu-  1  500° 

2% 

Surface  Tenp 

The  r  r.ocoup  1  e 

Ejector  Spl i tters 

°F 

6 

o 

o 

O 

-T\ 

1 

4. 

2% 

Surface  Temp 

The  rp  :■<.  o\: p  1  e 

CccPida  Surface 

°F 

10 

Art- 1300° 

t 

2% 

Surf  .ce  T.-pp 

Th.e  1  r  •  oi;p  1  e 

Cc.aufa  Spl  i  1 1  er 

°F 

5 

Arab-  1  i?00° 

♦ 

2% 

Total  Temperature 

Co.; or) a  Exit  Rake 

■  °F 

1*< 

A.pLi-  1 300° 

•f 

2% 
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GENERAL  INST  HUM. 

EN1AT  1  ON  P.M1UIRLI 

'ENfS 

TYPE  l  1.0CA1  ION 

UNI  TS 

Q'JANI  ITY 

P.ANGE_ 

ACCURACY 

Total  Pressure 

Jet  Exhaust 

ps  la 

> 

0-35 

±  1/2% 

Total  Temp 

Jet  Exhaust 

°F[> 

0 

0- 1 600° 

IP> 

±  2% 

Airflow  - 

l.b  s/Sec 

1 

0-8.0 

1+ 

Primary  Jet 

[> 

Ai rf lew  - 
Coannular  or 

2nd  Nozzle 

t.fcs/SeC 

.  t> 

1 

0-10.0 

■f! 

Fuel  Flow  - 
Primary  Jet 

gpra 

1 

0-3.5 

i  1% 

Fuel  Flow  ■ 
Coannular  or 

Second  Nozzle 

gpm 

1 

0-0.7 

±  1% 

/-.'lb lent  Pressure 

ps  i a 

1 

-- 

±  W2% 

Ambient  Temp 

°F 

1 

— 

±  2% 

c 

y 

i 


One  exhaust  pressure  and  temperature  required  for  misalignment  test 
and  two  each  for  coannular  and  twin  engine  tests. 

For  A/B  conditions  (“3000°F)  set  up  on  a  pic-determined  fuel'and 
airflow  rate.  For  hon-A/B  conditions  neasure  temperature  directly. 

Measure  and  record  standard  flow  nozzle  P,  AP  and  temperature;  and 
calculate  mass  flow  in  a  computer  program. 
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The  airci  aft  tailpipe  ini  sa 1  ign.mcnt  tests  will  be  run  first. 

The  model  scale  test  hardware  for  the  twin  engine  simulation  and  for  the 
coannular  flow  tests  will  be  designed  based  on  results  from  the  misalignment 
tests.  Febr  i  <  .it  ion  of  the  coannular  and  twin  engine  liardware  will  not  proceed, 
he. .'ever,  until  the  ni  *.  a  1  igm-.ent  tests  have  been  completed.  Therefore,  tbs-re 
will  he  so.r.e  time  (approx ima t e 1 y  seven  weeks)  between  the  misalignment  test 
and  the  co.-.imular  flow  and  twin  engine  simulation  testing.  Table  13  presents 
the  test  configurations  for  evaluating  the  tailpipe  mi sa 1 i gnment . 


The  coannular  flow  test  will  be  run  prior  to  the  twin  engine 
simulation  test.  Table  1  (l  presents  the  test  configuration  for  evaluating  the 
coannular  flow  engine  concept. 

Table  15  presents  the  test  configurations  which  will  be 
evaluated  for  t  he  twin  engine  simulations. 


aS 


fol 1 r ws : 


The  flow  conditions  contained  in  Tables  13  and  15  are  defined 


- 

r  NG  h;e  CONDITION 

P  /P_ 

T. 

t  2 

J 

.  H 

Idle 

1  .05 

2  70°F 

Full  Military 

2.12 

730°F 

Full  A/B 

1  .93 

23?0°F 
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1  AM  E  13 


co:;F 

no. 


9 

10 

n 

12 


13 

14 

15 

16 


TAILPIPE  MISALIGN/', ENT  TEST  CONK  I  GUKAII  ONS 

Call  dimensions  in  inchi s) 


PRIMARY 

NO/71. E/E  J1  C  1  OR 

NO//LE 

KLOW 

COND 

ADAPTER 

MISALIGNMENT  > 

4.31  Dia 

Full 

None 

None 

Mi  1  i 

tary 

None 

No/ z 1 e  1"  Up 

None 

Nozzle  1"  .Dowr 

None 

Nozzle  1"  to 

S  i  de 

4.62  Dia. 

None 

4.62  Dia. 

Nozzle  1”  Up 

4.62  Dia. 

Nozzle  1"  Dowr 

4.3 

1  Dia 

Full 

4.62  Dia. 

Nozzle  l"  to 

Military 

S  i  de 

6.1 

i  Dia 

Full 

A/B 

None 

None 

None 

Nozzle  l"  Up 

None 

Nozzle  1"  Dowr 

None 

Nozzle  l'*  to 

Side 

6.63  Dia. 

None 

6.63  Dia. 

Nozzle  l"  Up 

6.63  Dia. 

Nozzle  1"  Dowr 

6.1 

8  Dia 

Full 

A/B 

6.63  Dia. 

Nozzle  l"  to 

S  i  de 

surf 

E.T 


m 


X 

X 


X 

X 

X 


X 

X 

X 

X 


X 

X 

X 

X 


DATA 

EXIT 


PET 
t  t 


X 

X 


X 

X 

X 


X 

X 

X 

X 


X 

X 

X 

X 


ACOUSTIC 
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COANNUI.AR  FLOW  TEST  CONFIGURATION'S 


IF  1  GUP,  AT  1  ON 

NO.  '  ■ 

*  FLOW  COI.'DIT  ION 
(rr-41-2  ENGINE) 

N0/7I.F/FJEC70R 

MISALIGNMENT 

17 

Idle 

Hone 

18 

75% 

Hone 

19 

Full  Military 

Hone 

20 

Idle 

Nozz  1  e  1"  Up 

21 

75% 

Nozzle  1"  Up 

22 

Full  Military 

Nozzle  1"  Up 

23 

Idle 

Nozzle  1"  Down 

24 

75% 

Nozzle  1"  Down 

25 

Full  Military 

f.'ozzle  I"  Down 

26 

Idle 

Nozzle  1"  to  Side 

27 

75% 

Nozzle  1"  to  Side 

28 

Full  Mi  1 i tary 

Nozzle  1 "  to  Si de 

DATA 

SURFACE  EXIT 

P  t  T  P  t  T 
s  m  t  t 


"  Pleasure  ratio  and  te  .perature  conditions  to  be  provided  later. 
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TWIN  TNG  I NE  Tf  ST  CONFIGURATIONS 

Call  di hi: ns  ions  in  incuts) 


PP.  M 

'.ARY 

FJFCLOR 

COANDA  . 

i 

N0//(.E/FJI'.CT0R 

CONF. 

N0771.E 

ROW  COND. 

CONF 

CONF 

Ml  SAL  1 GNKLNT 

SUi.FACE 

NO. 

L.H. 

R. 

H. 

L.H. 

R.H. 

Ps^m 

29 

Ml 

u. 

31 

Idle 

Idle 

No 

No 

Dia. 

Di 

a  .  1 

S  p  1  i  1 1  e  r 

Spl i tter 

Noi 

ne 

X 

30 

Ml 

Hi  1  i- 

Idle 

1 

i 

J 

X 

Dia  . 

tary 

31 

*i.3l 

M  ill  — 

M  i  1  i  - 

X 

Dia. 

tary 

tary 

32 

6.18 

Full 

Idle 

No 

X 

Dia. 

A/B 

Sp 1 i t  ter 

33 

A. 31 

Idle 

Idle 

with/ 

X 

Dia. 

Spl i tter 

*i.31 

H  ill- 

Idle 

X 

Dia. 

ury 

i 

35 

Ml 

Kili- 

Mill- 

X 

Dia. 

tary 

tary 

3& 

6.18 

Full 

Idle 

• 

X 

Dia. 

A/B 

i 

37 

*4.31 

Idle 

Idle 

with/ 

X 

D  i  a 

Spl i 1 1  er 

J 

CO 

TO 

*4.31 

Mil  i  - 

Idle 

i 

X 

Dia. 

tary 

| 

33 

*4.31 

Kill- 

Kill- 

1 

1 

X 

Dia. 

tary 

tary 

’ 

1 

* 

*•0 

6.18 

Full 

Idle 

wi  th/ 

with/ 

No’ 

ne 

X 

Dia. 

A/B 

Spl i t  ter 

Splitter 

A1 

*4.31 

Hi  1  i  - 

Idle 

D> 

B> 

Noz  z  1  e 

1"  Up 

X 

Dia. 

tary 

*42 

*4.31 

*4. 

31 

M  i  1  i  - 

Mi  1  1- 

l> 

r 

> 

Nozzl  e 

1"  Up 

X 

Dia. 

Dia. 

tary 

tary 

Lj>  Conf i gu r a t i on  of  ejectors  and 

i  Co.jnda  surface  to 

be 

that  judcjt’d 

to  p i oduce  t he 

best  attach nent 

1  MD  DI 

from  Conf (nurd t inn  23 

t hr  mirth  4  0  _ 

1 

^  * 
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r 
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lA'l.E  1$  Coat'd 


l  CNF, 
NO. 


1  F.  I  M'-.RY 


NO/ 71  £ 

|  f  i  CW  CCND . 

1  .H. 

R. 

H. 

1  .H. 

R.H. 

6.18 

h. 

: 

31 

full 

Idle 

n  i  a . 

Di 

a . 

A/ 8 

*•-31 

Mili¬ 

Idle 

Dia. 

ary 

Mi 

M  Hi¬ 

Mili¬ 

Dia. 

lary 

tary 

6. ’3 

full 

Idle 

Dia. 

A/B 

Ml 

Mili¬ 

Idle 

Dia. 

tary 

Ml 

Mili¬ 

Mil  i  - 

Dia. 

tary 

tary 

6.18 

k. 

31 

Full 

Idle 

Dia. 

Di 

a . 

A/B 

1 

! 

FJI  Cl  OR 
CO  NT 


D> 


D> 


CO AN DA 
tC.NF 


o 


I 

0 


N0/7I  F/FJKIOR 
M  ISAM  ON  NT 


Wo/  /,  le  1"  L’p 


Nozzle  l" 
down 

Nozzle  1" 
down 

Nozzle  1" 
down 

Nozzle  1" 
to  side 

Nozzle  1" 
to  side 

Nozzle  1  " 
to  side 


3ATA 


t  U Hr  ACE 

P&T 

s  m 


EXIT 

P  NT 
t  t 


Configuration  of  ejectors  and  Ccanda  surface  to  be  that  judged 
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2. 5. 1.6 


Data  Reduction 

Reduced  data  will  be  printed  out  on-line  from  comput er i zed 
recording.-  The  performance  printout  will  be  similar  to  that  shown  in  figure  ?5  . 
The  following  data  for  each  tost  condition  will  be  tabulated: 


Atmospheric  Pressure 

P 

a 

tpsia) 

Atmespher ic  Temperature 

T 

a 

C°F) 

Jet  Temperature 

T. 

J 

C°F) 

Prir-ary  Flow  Total  Pressure 

Pt 

Cps  ia) 

Primary  Flow  Pressure  Ratio 

Pt‘ 

/? 

a 

• 

Air  Flow 

W 

P 

(Lbs/Sec) 

Nozzle  Area 

A 

P 

Cm2) 

• 

Fuel  FI ow 

Wf 

Cs  pm) 

Duplicate  data  to  that  above  will  be  recorded  for  the  secondary  flow  of  the 
coannular  flow  test  and  the  second  nozzle  of  the  twin  engine  simulation  test. 

Acoustic  data  for  the  two  microphones  in  the  misalignment  test  will 
be  recorded  using  the  General  Radio  1921  real  tine  analyzer  and  Varian 
conputer  for  an  cn-line  data  reduction.  The  printout  from  the  printer  will 
be  similar  to  that  shown  in  Figure  18  ..  Sound  Pressure  Level  (SPL)  will  be 
tabulated  for  one-third  octave  band  frequencies  concerted  to  full  scale 
equivalents  (i.e.f  frequency  shift  of  data  by  a  factor  of  1/6  and  multiplying 
distance  by  six  to  account  for  the  scale  factor).  Overall  Sound  Pressure  Level 
COASPL)  and  "A"  weighted  cBA  levels  will  he  computed  and  tabulated  for 
each  microphone  location  for  each  test  condition. 

Photographs  will  be  taken  of  all  node  1  hardware  and  setups. 
Identification  information  such  as  run  number,  model  configuration,  scale 
factor,  date  and  meteorological  information  will  be  provided  on  each  page 

of  data. 
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ACOUSTIC  ARENA  DATA 

NAVY  COAN DA/ RE  FRACTION  KOIS 

F  SUPER 

1  SSOR 

Conf 

i gur a t ion 

(description) 

P.un 

(Number) 

Conf . (Number)  _ 

(date) 

PA.",B 

PSIA 

-  tamb 

°F  ... 

...  ..  - 

pn 

PSIA 

P 1  2 

PSIA 

- 

Tn 

°F 

TT2 

°F 

.  — 

• 

u 

AT 

Lb/S-c 

W  1 

A2 

b/ Sec 

- 

• 

WFI 

9  P'D 

9 

. . .  WF2 

gpm 

... 

AP 

In.2 

-  .  -  As 

In.2 

Ejector  P  1 

PStA  __  T$  1 

°F— 

_ _ _ 

2 

2 

_  _ _ ...  __ 

3 

3 

...  ..... ...  - . 

- 

- 

-  • 

-  -  — 

12 

12 

...  - 

_  - 

Coanda  P.  1 

PSIA  Tc  1 

°F  .  _ 

3 

2 

2 

3 

3 

— 

- - 

10 

10 

_  ,  , 

_  _ 

F.cEe 

PT  1 

PSIA  _  TT  1 

°F  _  .. 

2 

2 

_ _ . . 

.  .  .  _  _ _ 

3  _  3 

\k  l* 


f.'o/zle  Pj  1  PS  I A 


l ( 

_ _ 
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PROPOSED  PERFORMANCE  OUTPUT  FORMAT 
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7.6 


T.isk  VI 


* 


r.i-.k  VI  consists  of  disposition  of  the  exper  ir.ent  al  li  ji  'wire 
,:iid  di'i*'  u:  ntnt  Ion  of  the  i  <  •  >  j  1  t  s  of  testing,  i  nc  1  ud  i  ng  eng  i  ten- r  i  ng  .n.ilyses, 
if.  sign  st  udie*,  .,n<l  dt  .-wing  pi  .  ;  it  .«t  ion. 

7 . 6> .  1  7'  •list  i  ••tor  H-*i  e  01  •  pos i  t  Jon 

All  I.  ,i  •  :i  •*  >J>  v.  1<  j  '■*}  under  the  loiit/ect  will  he  the  p  r  <  ■> -«-  r  t  y 
of  tin.'  *l.-vy .  V.”..  n  the  full  m  i  1 1:  <h  :  msti.tlor  li  sting  is  completed  the  tost 

site  will  he  lestst.-d  end  tin;  •  -pet  i.  ••ntnl  i  dv.-i  r  e  will  he  disasse  bled  .-nd 
shi  l  pod  to  a  h'.:vy  facility  which  will  he  d.  si  yit.il  ed  hy  the  t.'avy.  Disposition 
of  the  one-sixth  si-  .tie  i.>  >  hi  1  hit  i  e  will  he  d.-li  it.  in-  d  at  the  conclusion  of 
the  ;  •••1  tests. 

7.6.2  K  'el  fist  Report 

A  f  i ; .  >  1  i  •  port  in  seeing  fut  wt  will  he  pr.-p.st  cd  upon  t.o  plct  ion 
• f  the  'I  ile  i  'el  testing.  This  r  .-pot  t  will  he  a  detailed  analysis  of  the  test 
i  •  ••alts  e  id  .,n  li'ei.ift  *.  yxt.-m  study  to  d.-teiinine  spec  i  f  ic  problem  areas  in 
;  t  T  r  >3  t  he  C<  :  ic’.a  i  •  ,n>  t  i  o  it.-ai  t  ft  e  .  njineS. 

7. 6. 7.1  Model  Test  - •  salts 

The  results  of  the  one -sixth  scale  del  testing  will  he 
’  ■  '■  d  in  the  i.port  in  the  foi  ;n  of  pertinent  graphs,  charts,  and  tables, 

.11  s  ;  !  t  \.it  ions  of  op-rational  trends.  The  results  will  he  p  r  i  •  r  t  ed 
:  f  :  .  '  i  ’  e  h  ..ill  e  -hie  h  ,vy  technical  personnel  to  determine  the 

i  ,  i  .it  h  ;  1  i  !  , i  t  .-r  i  st  ir  s. 

7  . f- ■.  7 . 2  A  i  ;  i.  t  :ft  Tyt-o  ud  1  «»s 

i'he  one-  sixth  •  1  s‘  fidcl  tests  to  he  •<  e  v  plish.-d  .ire 

i  T  i  r  i  1  y  a  j  i  1  i  I : .  1 1  y  inv  siieit  ion  into  -id.ipt  ing  the  f.  -ind.a  fup.pt  i  ssor 

•  i  i-  .  pt  to  i..-.,i  i  ft  engine  i  t.sl  a  1  1  .i  t  Ions.  A  i  t  c  t  ,a  f  t  sy  -  ten  studies  to 

ihteii  i,e  tie  f  ol  lowing  infoi  r-it  it.n  will  he  .•<  <  o;,«pl  i  shed  I  t  cm  the  model 
t.st  I  (  ■  u  1  t  s  : 
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2 . 6 . 2 . 2 


Aiicrnft  System  Studios  -  Cont'd 


a.  feasibility  of  .ipplying  the  Coanda  Suppressor  concept 
to  a  i  i  c  i  .if  t  sy  st  e:ns  . 

b.  Ai  i  Cl  .if  t  tailpipe  novcr.i..  nt  effects  on  jet  deflection 
and  gas  dynamics  lluough  the  transition  section. 

c.  Jet  sheet  interaction  li.-tw.en  two  diffeient  power 

f  1  ows  in  the  ‘..use  chu.  iber  ;  require.  i.-nts  for  divider 
wall  between  separate  chambers;  insults  of  sinulat ion 
tests  for  twin  engine  aircraft. 


2.6.3  IV-  nst  tutor  Test  fell  Cost  Analysis 

A  pi  el  i..i  nary  <ost  analysis  for  estimating  the  i.ost-per  uni  t 
of  the  test  cell  u!.  -ust  noise  suppi  c-ssor  will  F.e  conducted  during  the  ear  iy 
st..ses  of  Task  I.  Tiiis  cost  estimate  will  be  a  let  ter  i  <  pur  t  ••  u!/-.i  1 1  ed 
i.  one  u  i  i  <.-n  t  with  the  aircraft  system  studies  curly  in  the  third  quarter  of 
Fisc  .a  1  Y.  ar  Vj/5. 


2.6  .k 


ns  1  r.itor  Test  Cell  final  Report 


The  d,_- .  jns  1 1  a  t  or  test  cell  final  import  will  include  the  test 
i(cults,  eng i  i.ecr i  r .  g  and  operational  analysis  and  design  studies  for  the  full 
scale  studies,  as  well  as  a  summary  of  the  one-sixth  scale  rodel  test  results 
fret  tic  ridel  scale  final  report .  This  ic-port  will  fulfill  the  require  ent 
dcs  i  cs  it  ed  as  AOOA  on  form  DO  I A  23  of  the  contract  «nd  will  he  on  C5f  D  foi.-at. 
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_D3J)b7^ 

R 
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Op,: rational  Analysis 

An  inportant  aspect  of  the  data  analyst's  is  to  define  test 
tell  ixh-ust  system  tonf  igurnt  ion  i  crjui  i rments,  as  related  to  the  listing  of 
engines  in  Table  1.  Studies  will  be  pci  formed  and  reported  to  predict, 

I  "ed  on  observed  tiends,  the  ,  >j>e  i  t  ion  a  1  e  ha  i  ac  t  er  i  s  t  i  c  s  of  the  following 

supp i  es*  or  sy  s t  ,.:is : 

a.  A  "un i vei • a  I "  cunf igurnt ion  for  all  engines  listed 
in  Table  1 . 

b.  A  group  of  conf  igur.it  ions  ,  each  limited  to  a  spec  i  f  i  C 
airflow  handling  capability,  over  the  range  of  engines 
up  to  600  I bs/Sec  ait  flow. 

c.  One  configuration  that  could  sa t i sf ac tor i 1 y  handle  all 
tngines  with  airflows  up  to  600  Lbs/Sec. 

?  .  A .  It .  2  O'  ,r.st  r  a  tor  P  t  ■  g  t  a  n  Re  <  u  1 1  s 

The  fit.al  report  will  include  the  results  of  all  pre-test 
d  velop,  tit  and  design  studies,  all  test  configuration  results  and  the  analyses 
of  test  results.  All  significant  test  data  will  be  analyzed  and  operational 
trends  leported.  Full  scale  data  will  be  compared  to  data/predictions  fruit 
previous  scale  n ’del  ptogr.e-s  whet  ever  possible.  Acoustic  attenuation  and 
j.-t  deflect i on  will  be  related  to  actual  variations  in  test  hardware  geometry. 

7!  on  tesults  will  he  presented  in  enough  detail  to  enable  bevy  technic  al 

;  •  r  ■  c.n.el  t  o  determine  t  fie  cperaticnul  characteristics  for  future  noise 
1  vor  cyst'  s  L  .  ■  ■■'i  on  the  Cr  oida/Rof  ract  ion  concept. 

7.6.5.  Design  drawings 

Detail  design  drawings  will  be  generated  for  use  in  fabrication 
of  t  lie  piolo type  and/or  production  unit,  as  determined  by  the  t.'-vy.  This  will 
he  ac  c  cj  mp  1  i  she  d  upon  completion  of  all  testing  and  tonf  igut  at  ion  design  studies 
The  drawings  will  be  per  Specification  MIL-D-1000,  Category  E,  G,  and  I,  which 
will  fulfill  the  requirement  designated  as  A003  on  Form  D  D 1  h  ?.  3  of  the  contract. 
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